10.15. 02 n-E 10:03 F.U 515 334 6883 



piONfEER HI -BRED DSM 



121060 



. ^ rsm- Sunple Sequence Repeat Profiles: 

^^^^y^^f^Js and .ibreds 

Doaald A. Beny>- Jon D. beii^ei . _i ^. - 



1'^ 



or this al^to: 



S.. loc. .ml uuar h.,.u-.. -,. r.:.olvc p. 

'"^■^""'^ • ,L. ,,,n^ locjo-,, these appli'--'i'"-i^^^ 
• Tcnctic. br,l,TAie further p-ogrp^^ in ge^i^.-i^ 

.,U.,.e i. also : ,rin...;::>u-al prope r.- 



c,r ;irestncrnl numb.i ofpotct ^ t P ^^^^^ 

: - how a..u ewlencc of tv.u^.ccrni. . ou d 

vcquirc cxd..s.on. U.o ''"^ "/Y; - , due 
:o no'.,d..j.r.crK>. tv.c,o. > '-"J J.^; ,f,,,,ndeu 

,.vhLv.on. to dccl;nv nonp.u.n.m '^^ ...j 
been instituted (Oi.nn .( .u, ,,-,„,^ i^-'-- 

1.- P---'-'-^ " 



It. 11 -1 • 



Receive(llr()ni<5153M6883>at10l15(0210;43;45 AM [Eastern Daylight rmel 



10/15 'o; 



aoei 

V -1- ..i fift83 PIONTER HI-BRED DSM 

TCE 10:04 F-W ^^4 688J 



il 



n.M.bu or:nclcpc.cl.un.|:c. .. -b^^^ ^ ^^^^ ^^^^ 



------- '-^^lA/V.:'.-':!:'-!- 

api<lK ara.neKpcn>.v«lv.A2r.a..r. u.m 
s,- or....^,..-iCul..- st,.d;..s of p<.-U.s.-..t ..u 



cl,aw..,t-cuuon -o^ '^^^l^'"''' M-uc'iuil genetic dAta 
e,,„r. on:u, ■ ^ ^^^^ , p^ov-.tcs .rtd.ao,;.! 

mort: sv^r^^r or uui^^^ 
one or both of thav pa.enLs i,,.nc:l,-.d5 oi 

olTeriug ir.e.pen.vc dau,.>o„n - 
r.s.arch on su.dies thai .cl.u, 

p.ULT.togr. .-,UUl-.c.s I,, .11 .... . .. 



ptcC-d 

.,;.,c'.u:;.n;-nri;vul- 

.1. ■.,l, lc..'-. li;:i! <"ali ■><. ■. ^v<. '-' . ' 
' ' .,-..;:..jK-. ^V^ on pa- 

hcc-.u.:..us Che pnn.^^^^ 

hvbnds each prohlcd b. ■• L .'M.im ^^^^ 
hvbndofintcr«Mu;).tdo..noLr. u. ^ 

i^T ,nh -ed lines "Tl^e merh-HU,u.-v aupU.ab.r lo 
..bb mniea unci. f„, .,n rvdJipiiv developed 

f„,n, pareinuil n.uurg '.ethou: .ur^^ci- ..^ 
of lubi eedin^. 



Al^onthra: Con.s....r ... .,v.,.l.nl>lc daab;«.^ 

;,l inf.inM.mol'. fvon> S.y-- 1> .'", ..v hv r-m,.-.;,^.^ 

inhrvH-s. There is o., .c:-v..v. lo ■ .^j •^tcnv.^.r 
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c:- All p. 

( 1 L'n<: ; 



nils SSl'. 



^ - J - vclvionN or b.:ir no :eUir;uri- 

rluib-L^r iu-h r-.-^ buLh paioors and ah to ^ ^t..i.Uj.v 

!lv h,v« uhc bigv.t ?.«i..-no, proDab..'..ruv If the -.^ 
^n^s r-u.: ,.,cn. .rc th:- .i...b..e. then f ; ; 

hvh.ia. then .IS s ri--^-.' P0..tc ,..,r proU...!.. 
btci.i^- thCV..-:!l nol l;'1..i1':v ..cou.U for m.-n. ■ 1 ■ ' 

5 .il Jv. nllclr fn.n tnb.xH ; ha. been p-'^'^-^^ ' 

o-;on.u.g. P-n;! be l.kcr. to equal O.J'l ^^^rnou-.h ■.c -..H 

1^ .Tn,ni f = 0.30 coo.sr.n. ..d, ch. clos.^.^a.c.s or> 
i„ d-c-b:t>c bens -rA.Klp.irci.r.v Ho>ve^.:r >vr uie no. 

I ;i.:.onn^ mu-...LOns .inc inhar.iio.> cri-.r,.. Oi., on 
' ir^l-n, '^h-n :Hr p:ire,.l:. a. C not ".r. i.it a.Knb.TSc,. l:i 

;;;tr-^" • o,: ' t^.n .^...Mung 0.^0 . .-o..,. 

rhV.,>i.-lrl'<- ran,... :.f F--'- " ^"■■'L ' 



In 0;: ' / 



.S'-c. J. "3. hki'kV 
M t;.i> -vrr:r ^;!- til 



r . r - ' ■ 

- r . ... . T-.^ .r-^p.-- oi u.. toiu L^.Sti 15 the 

f^ :,:J„b,i,.v:.W. :0.n::h. ;.^.,-: ^ p., ...J .... .. " 

v-l,.3.. lx.-r., .ub,-:.-.ls. -h. :.-.>b..i..:.'- „. ; 

- both i.h..a.- ;l. .s easv wne. 

---:ra:.:Xb:b;^-v::.,..:-..P^- 

being .dc, ...i ircm .11 ^no^T, 

All .ille[na'.ivf ..;>iMO.....-l .^ci.. l k .<- i . : . -h-^r. 

I, ,-:'"r tl VlinCi IP the uaut>.-.SO n.-..v be r.nc.o... V v - 
X iT^^m L po...,b.o„. F., ^ 

iv,c .l.M.nhnsr, i,. Mli :b r;«r '.he CHuC-c ; ^ l;" 
o . iic-aUv infl,-.e.J. .AiJ-..-n:.^S r.,u..l p.or:.ab..a.«» ;0 1- 
. ^.l.V. n- n --vrr. -.KU, :Ob.st n, the scr^e tn.u r 

1 ler. -uc .. . J . .ip-jc idine; (11^ '."^C 

prob^r).^:^■ of obicning lr.t>:.d . nr.l.- "<:.Jt i. J, 

of the hvbad t^nd rbr mi>-. Js. ^ 

,oo 'M.meroL.i to list. In.sle^d wc c.vc tt.ree ..mp c exampl. 
c,.c. e.ch Of -he d.ree h^br.d, ■.•.-o ^l''^-- ; 
"h-^e SSRi nrd a p.:UCal.V rno .-if bvbr.d .md ..n.e.to, n.nred. 

.Uele. a Mv: -.K-u AiC listed fn' H.e th.L'C '..Tie. h>hr t 

;::'jc Jo .dd-ti..,-. to th...e HMcd. t... 

. .d.!uo.u in th. r.Kh. h..fof T.V-,1. l no. be e.vp,. ned^ 

u birds i and ; ^TiC .i.kc-.lu,> .i 

...ie i nb9^«. both ar<:.-stnrs- alek-s (a.. n,ea.u.cd U C 

o rn case tbc bvbr.d n< cc.udv l he pr.bab■..^ 
.V. ai:c:c. The pn.l.-.b,..c:. -A obs=n n.^ a Jo. on, 

f^:^'' :^::;:::^H::J';!^:eic:..:■^:^^^■^.■.^'^- 



•iM.> 
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\ I.. 



, , ^.h.-id-. ..U-s .... L.s.o.S of .h. h,l... 

of .^llf^lcs pxs.scd. i-^-UTTii ^ ^ 




fuv.^nn;.; pau <..:,"■ '' J cs^iV.i. i'.v rule ""I -f^^'^ P"'" 



mI):;>- 1-.' 



in, ch.r for the ••-•''"•'^.f ' 'e^'cs^on for IM.j.SSK.l. 

to pare •.•,5.-1 ^raodpnrent. «^ ;„-,,l 
F:TUit)lasr.i •-i.r. i> «, nil . .,1 <J 

pro.:ce.v.r.. d.>crir.r. l.n ^ Vn,..s .Sat 

ssv.K.r..-r.c ..I..- --. • ,^„,,,,,si.>i;.-v I - -'; 

,„,.l.v:rtt.;'.l ^"^^^ ^^^^ ^ .J.J. .,,,(1 I" 



otl- 



odolos-^- , . „ rm- lUnw manv o: li-.csc ■:i"d 

i,,c,.cn« d:a. for P-^'^ ^ '"^.'^.^ ",k.o .t .vcb..-. hu?: ' 
l-,.;.', S'^R I'.x^' W • :rvnn:u-:.. 

A,T.pi,T.ci Cold ^■>-m:'>1;--.-;'J. 'j.^,,': 

cl..o-.d« p'-.^'-r :5->'i-":J.'.-^' P ; ■■ This n,iva.r. 

,,,-.-1'. U..b<:!e^'.:' II l.^-iN ; ■ - .,,„plir.>.-(i .isi.u' 

for 50 s=c. cs.crs.on . , n..nurac:ur<-': 

: Hi-t^r-a ^;;;^;;qi;;;s;^,v a,....? 

3 .reach pro:i..a - - loa for that iom;- 

Of PCR producu^ .:,a/ordH20. Dilution -.f 

of .m.^t'arc to . ^1 "'"^f J^^J^^ L V3 hr on ..i .^Bl 

aioHrl i .- / X uVcd Blnv.srrni., l ostcr CtU . .- 

SC-01 SOfv.>--ii-e ^' ' "^"i^Pr ,,->,i,.V.lv ,L„„i, [he -loi-nl 
''pCR prod.i.'. we,-: ..cd ^ -f^'s^.,,,!,..- ,P,57.. 
So-.ahcrn- .izm? -> '■ , CM-nrSc:iii. aUd" -verc 

,..p,cd usi..g «>f.oc.pcr were u,«lc or- 

•h. l>*iU of Ki...os.tt.« ?;";•: -' r,'h.^.e.-e gcA^all- cov.mc- 



Oih.r enter... sudl ..5 -f^ : ^^^j;,,^,,, ,,r.<i ..atl.':ilN 

rl;;sl lis 

■ is 'be- u- -iKiliilin of doXTM. ;WCC*t:^ <.l 

H>;.1 I- 



, .i,i<.t-.i.s .ir. li., , p ^ (, iFi:;t."- l-"' 
■ = 0 .; l-';;j;>i:c 1 !" 



'k.^-cuI-^S tor the- hvb'uU p:' 



.t;-ilrr. Ill 



r-a .L^ the f.<.J:.> 
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t^^^ top nvo, abo .1^ tnc suo.ci nw. - 

i ;^U>.m.n.P=0.50fabovcl In boch cu.o mc.r 



V(.^>L5A:, i., -.h^.h one parr:,, '.a.. n.H r.uk.d n 

t<; ^ 

' -,.c:.v of the corresponding parental bn. . For 4.. »•> 
r„;ru b,>,l par..-.u, h.d prob.hiUac. ot •.uK-.t>. n, . x- 

0 e,c:9 It... lov...t ot the.c pv.b.b.lr.c. O.^^.o .-d 
tH.'h.'Thc^t probAbiliV- for a third ranking -■.onr.xrcn: 
nlo-? Fr.r mo.. h:.h.iris the p.ababduv t<.>r inc 
thirO .ind higl.cst rankrtl aonparciucil inbred -.v.v^ At vr 
below f,-U) 

Table aKc, uLldr^sscs daUi A.^ahsn m cn o..-.is:aiv.xs 
whea- h.rero.v...... loc. occur I., u.brcd i;uer. or .vhc. r 

, ,„hnd Is .cored tor the presence of nnorc- U.uo ...o 
alh-lcs OCT loct::, The presencs of moie than u sr.^K- 
allck- pVr !ocl;. in inbred lu.e^ is an infro^v.ent occ-r- 
^encc K. ueil-mu.n, A.ncd mbrcd d.vclop.r.cnt and seed 
program, bor possible because -^iV-. o 
,o,-.. can .tUI r.e .e.rc.ut.ng and unintended puh-.,. an., 
fron, ^^eno^i-e, not de..gn.r..d as parrncs of the b b.ad 
c..> o. cur, hvbnd., -n..re ihaa t^v... al e:e5 per 

.cored ■.v-hen DN.\ I. extracted l-om a b.l. ot 
,ndivldu.a pl:nnr. and because mbrcd parent. :ir. mn 
honu,.v,«u. ,'.v.. euhcr lO residual heteroA-.o.Uv <.„ t.. 
cotv-air'-inatio because one or mor^ d.rect p.ncr.r. 
,,r ,he i.bnd are then.eh e, bybcd.. The p:esence o 
,„.„e than a:,c alk!. pe.v !ocv>. .0 an mbred .ne an.d 
,,,, aUel.* per locv.. ... a hvbrid there ore 

can be .Kcon.moda:ed by multiple ntn. ot tb.c ..go- 
nthn. each -r.h a rando.n choice cf two allele, per 
iocuyConsequc.ulv ,c.a.d.^rd errors in the ca.c ut ..nv 
Kv.n.^ data f. on. :05 loc. cerul io be ve.^. ,ma;l because 
there w--e fc-.v l.>ci Ns'he.r an inb.-cd or hvbrid iatT.plf 
/frou. iHd. orindnidiul pl.mLS- s^as .ccrd lor K1<>.<- 

M vRSHM. I ly'J^' •navcdra-.v„ attention .o, : :'.r^ 
eru;.>,;.acrcd in ^enot^pin*; .u.vcv,. I :,«>c 
i.,. !,.dc ....-Mn. a...... nmi aUde. and l^V-^ 

.:„.' we d.c-,<do... nVe..^.K..l d.. ';obt.s,...~y.t U.. 

In , ...-.nn." . cUects ,-„ m< .d,r... .n, .n . .n 

il.,- ci„:.i tor h^^ inbnds > oll^, -^'i^- 



li.e 



'>.i.'"v ai d 



,„ -„, 1,., .•..v::x-i '.'-^ ' '^'-"■■■^^ P-:'""' 

°:.,:;^:;,;:,..e..:.l-.br.^- ...... .:lo^cK,elat.^ 

P,re.:t. f a-e.ch, -a- ■.!■,.- :r:-.K...L;>e l-,;,b. d-. V d.l.. . 
:...■;,;,,„...„.... v.-:. ;n-...lTd,F....:-.-.'e;cC...-C.pr-.... 

ol-c:,; t:u. pare ,.. ..r. w... :,dd..o..i b..-xro.^<- 

r.:,r.,hc..r,.! p...e..i..uK..-. r-fun -t;-^*'-'-' -;. 

,,i.s ol- hi^hlv reUued .nbrcU.i ot th- ac-.u;d parcU o 
,,, Kvbn.:!, LMn,lOO loc, ,c-uUed .n correC pare ..a. 
; .^n.^sforaUb^burS excep. ^^0,5 .^k-. . ne.d.er 
. u^ar^ked .n f.r.n or sec.nc. pU.ce Four u.ored, 
o;a,.a..kcd t:.e true pa, er..s of :.9.:.5 .Xll :ocr no..parern> 
xver^ closclv related to .be re.pcct.v. i.uc pare..T.s: th c 
were dvre.t proeenv of tne -.n.u.- p-...e.u ot ;;! 

,,.dd.t..na.bac.cr..u.,..tna.,J^ 
onc-.va. A full .....er ot the true p-— 't- L.^- r -t. 

loc; CO.- rcu-n f.;. ;..laee:..cn-. I:., -nc- ot l.u. 

^::n^::hvb.dre.a:.,.::an.edmorch,Kluv;|-: 
o:,e of the tr.u: pareu:. Bod. .ere 

p.,..„(, and o,..e of these inbre-ls had add.-.oo.u 
bKkcro..-.i:.R to th,.r p.ucnt ,n it:- ped.grce. 

To ad.l. e.« :ae con.^.cuer.ce. e 1 laboraton and otbe 
M--a-cc. Of error, we artificu,.!-.- e....nprom..ed data qua - 
i^'-,cvo.-.d the lesei orizinalb p.-.-ded bv ebna.natK.g 
,pcc:hc p.-oporuon. of allele, tivac had beet, scored ; e>- 

,el« were not .ccved, and bv n-..sconn5 othe. allele. 
(.stabli.h,n.5 .cen.arlos where s.ruras nuntbr, . of -S.^^ 
;,lele. •.ve.c .co.ed ,ncorre..ay). Uc also -d J- 

sccrario, of mb-slng data and .v.x.nglv *cortO data. 1. hi. 
S co.Main. a ..-inrrr^un of rh. result, ol n.a^ins Mc.. 
n.odltV .uot>s n. the dau,. F .r all .,.oditnc:u.ons^-.e use. 
c. u-L from all .S.SR ioc. ..n,l we als<. raudu.r.h cho>e .-,5K 
to creare .c.b.et. of "Mi and LH' loc. In eacn ca.e 
pcosran. was n.n 10 Lune-. .or each -^n^''"'" ' 
loci M^^n all 19:, loci --vere examined, rephcauons d>f- 
f,,,a onlv accordu,, t. rh. parncular ci.o^c oM^e^e. 
tor loct wher. more il:a,. r..o alleles had beer, .scored. 

To cvab.,a-.e robu.ines., in the race of m...,ng data 
,.,-„tvped data. w« ^nudaced n,..bv.dual ant <^;;'^b"^^^^ 
' . -r.hrsr .-lata m cii.- h^b.-id and all mb.ed 

catei^ones ut the-je -laca ni ui . f^, ^ vh 

nncs at level., of 2, 3. Ifr and -/c of the allele, for c .h 
,f nvc hvb,id. and all .nb.ed.^ -.e.ond the level of e. o 
or,.-^-uc!v score.:! bv the labo-...o,. We e.xa.nmed rnc 
;.rfecu ,.f thc.c levels and tvoc-. .d" error fo.- th.-ee .... 
,;rd.,.abasc:5r) locu U,.) .oe:. a:.d .Ui lO:, .scored ...c, 
I'n,. ,.,ne hve hvbnd. .-d. c. d :n r..nle we, e ,nvc.a- 
^UP ?^25.:^33b,:>^o-. ,„„:.e,,0.Oneofthe^e 
hVhrr-h ..-••'"i:.: wa^ rh.,>cu l>.<a...M one ol us pa.encs 
(lu- -I'" •nid; a.:,<>i-;i; ;l'.e t":.> iai. |<..iee ■ 
,.,mple,r and v.nnu'.diiicd <Uu i.-m all ssR loc -.ere 

"^t■:..-,:,K-.t...h,.;.^e■^- "< l.ee ■ .f ..M.-^onal e, ror 
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I; 



, ' 1.^:- ^'1-' '<>^ t'^'^ V'-^^'*^^ t):rM-:rc :l. J.-vu^:.^- 

[n: luhn-l :>:Oo Wncn b^i:. .KlclitV- '^^1 1^ d^ot" 
n> ■ ss^ ■ , - , U' r ! mus: .:o: -ri cLu.^ vs^'-r>i::u-hut^:l.dc«;raO.:ir.:or. 

cur-rr' h<bv-i\< and >clo oK^^K If^O. 

rxiul U'- locM) cxccrpi for tub- id wlim data no:TL 

SSR lovi were u.erl. Over all five hvbri^U. use ot lOO 
loci «m;):ovcd :obu>r,nt:ss froTn rf^t- uic o^ .^0 loci; L-.t- 
of Vy~> 'oci turrher inipvoved robusi :»t>s for iV;.ur nvbnd3 
:53-^5. 3903. athS 3940). The dtc^rcc of impro-.r- 
mcu. SJii.itl. except for hvbr^d J^'O:^. 

Wr ul^o iMukr-d inbr^.U :-if rordui^; tn r;-,tMr probubilitN 
ufai^.-^uTof b^b.id. wnm both pj ■ c'lrs a.id ::ibi-^d 
drnvanvcs and !u;l-iii^cT iid^ttd. of itir icr^p^cuvr m- 
bird p.ucnTs for <:uch hvbnd vv>w-e cxcluOd from d-^ 
iiP ilv^i^ d'fie rc.ultb ;irr too vok'-irunoi^ Lo prrstni bt^re 
bni can be: M;mrnjTi/rd as fontv^.v; L'smc^ P - 0 50. ;t 
^atw.lr:a;ciUoreach ic.pectivc h.b:id r:>.nkcd uHO ftr.L 
pl -c^ If..:- -i: v'^^"^) n'.bnds; probubrliries -xw^^^-l from 
0 ioTo lo 10 and .: ost were :Lbuvc O.^OW, Odv:r cl;iss<.s 
nf iQhrrds rha: rui'ked m ftiM po>iuon f- n- pfobabdir.' 
of anccxuv wore inbreds derived, dirccdv by pcdv^r^r. 
froT-i .1 :rr;u(dp.u-t.-nc of d^c: rcspecrvc invbnd (D(;f') ior 
13^^-: oL'^bvbrid,^. inbrcdi denved dirccdy hv pedigree 
fyoin a grcaL--:-ir.dparenl of ihc re.sp^'cnvo hvbf:d 
(fJOCr^ lV>r 9':^r of iiybridi. aitd one clu.^^ {2?o of nv- 
buds; u:ti> an inbicd ranked inLo Br^i place rhai was 
dirc^al'. rehired bv pedigree to tbc ^reat-£^eac^grandpar- 
eni of d;ai lu'brid. Inbreds fn\xi ran<td m second pc^i- 
doi. .vr:-c related to the le^peaive piu'enrs of the hvbnd 
as follo;.'>:Thirtv-;ne (57^ of bvbnd:.. A^nudpAV- 
rnc ot *;:u- rtr^pcctive hvbnd. \ 1 ^20%) ^^r^e. cla.^^cd 
1KT^ 7 (l^'i'.i wc-c OGGP. 1 C-'"'-^ ^^■^'Lii DGGGP. 
Luui 1 i^'v' were a grtiac-i;: and parr m (GGPi ot die 
re^pern'/e hvhrid. Over all hvbnds, n^'O of the fonr 
crr,ju,lp.n t:nib . Anked nito Cusi and ::etOnd poutjons foi 
2:> (4j"n of hvbndsi. three graodparenis lankcd into 
"ihi^. fi'v^i iJ^ree posUion^ foi 5 of h'.bnds'. There 

^vcre no m.ianer. ^^'bere :d! loi;:" ^rar^dp.nun^ ranked 
into die b.sr foni poMOons. Thu n. bvbtub l-ad a ^r.ind^ 
p;Hrn[ lankc^d into hr<i posiuon ,.sin- P = 0 99. The 
nnn-.brr of -vandparenl^ r.^nk^-l inir> rl,^- u.p h^■e posi- 
Cuns wa. <>:^ (eompared Lo wncn /* " ^f ^'-'!- ^ ^-^^ 
'luinbr- .d>:i mdoareri's r:tukni- loto :hc v.p tuo posi- 
tior.v ..^ ^3 (cun.pa:-e<l to 71 - n.,vr,. The 

,,::-inp.nb.LnihK of a -rand:i:;:( n. d:..l ■ :i :kLd::>io d;e 
K,>riu..|H^Mn.n:^ w;.s IMIJSS .,>n -'V;-^"!. when - 
n.^o .iial n.oM^O - O olO-h Alir i: /' - i)."'f 



1 : 
ih.'i 

an*:-. 



,r.\a!c!U u^e nf p.uei i;!^ indice- Kr-.: 'Mi-^n .m.' 
. J:l^ lr:, i - h.;ve ^ ^p■'( -t l-n-'-Mb ■ 



k-L:T.' :n-ek 
Um in: -i: '" 



■1 1 n 



; I '..fd -rc I'apidi^ ber'/r/.a: 

rfftrii-.t: rr- \:Ln-:i-;i:c Fr;;L:ni L-- ::Ka. ■■--^ald 
.L.i i.i--nL"d .;:i:d'. M> of aK)'eCu':i: :na) ^;t. :" d.'-LV 
rU- .. vnh,.:! pro::a'-h-i-> "f :u^ce-l-. i::v. !-d<- :nv 
,h^c^ :n ralc^daie p:-.:.::.b:::... of : .kc.>:-. ^v^u-e tnerc 
i, ,;^i.-.rM,u.::r:n;-inn - to d;e ider- ur;. ot ut nya.ihv 
•he niaierr-ib p:frcn:arid robi.stncs.s ;u th^" h^'.e ol Uibo- 
rai'.>:^ error, 

i\[ai/L nibirdhneii and hvbnd:. provide aver^ t^Kae m;,; 
5ei'.)fm.uei^-d.> for evaluann- ^T.e di.criminaLorv abd ues 
of m^decni.i: data and .ua-itical procedures dnat are 
enrpluvcd r.= nn-.erprei iho.e data. Hundreds of in.i./c 
inbred hnrs of kno^vr. ped/^rre loccther eMronipa>> :^ 
^reac divm >.tx and rnmplesm- of pe^lijrce relanun^iii; rv 
Sor:- r ir^f'd line-, can bo vc p- hi;^:d^ rchued ;H;d .:en.'ii- 
.iiMi;;ir due to rhcn- dem-.a-MM f:0[n -in :tM . pa:-- 
r:na-e uu]i^d\:^'s trooi p:irent> duu a-e thenlst'l^.> hi^iiK 
related. ConNe(|aL ii d) . reladonidnp racc-.>[ H> such as 
•',i:^ccr^ ot -pareiu ' wfu:n applied '.o niai/e ^:^h'■cd^ 
al'v refer to c lu>e r de-rrr^ of Dedi-rrr rolanonarp and. 
tliu<. o: ^ei;i»pkL:^n\ aL.d molectdar marker pi Okie 5inn- 
hiprv ilJi, diusc of die equ:v:dendy nanwd rbssei oi' 
rekuionshio foranunal spc^cies. Mo:>t mai/e hvbnds that 
are wideb ' usod in die United State^i rod.^A a:e con- 
strnelrd from fhins of nn>red Uncs that arc unrriatid 
bv pedi-ree. cad". .:d->rcd parem havin- been bred froni 
a separate "pool" of gern^t pi a:: m. Various deuyrrrs of 'ckir- 
edncss air'possiba: between hvbridri aecordmy lo tt;c 
pedigree reiatiiM-ishioi amonL! dieir consrhuent iTibred 
parent.^. 

^-^i,^,, p = (),vi<-) ill the alyorirhxi-i is mort- specihc: tor 
idcntib'av; pareti:.^ d^.an using ^ 0 aO. Hu^vcve-. P ^ 
0,9^ levs lobuM. identK-.ing other reUuves. si^eh 
a^ erandpartn^it^, VV-itrii die al^oni:im w.x^i' run at P - 
0 3d there were 6 hvbnd;:. for which out* parenr did not 
rank amori^ d'.r top c^.•o nlo^t probable ^eno^■pe-s. For 
d^e reniainin<^ 4S hvbr'.ds the cnrrt-ct parerirsnere iden- 
nfied evrn in en OLMi^taaee^ where other ( andidare in- 
breds mclnded not onlv full-^^nMe- iine:i brr.t from "e- 
lau-d parents but al^o mbreds exen more clo^rk ickued 
to d\e ir-e pLirent b\ vutnc o: bc:n^ h.ickcro^^ Le)nve:- 
,xon> of :hc ink: c d parent of rhe liybrid. For earh o: 
ihr 6 iub m1> wne;r a nonpareil ranked abuve a line 
putent/lhai ;n:^her rat...ed nibre<l was ahv;ns cche^ a 
Sis-rr ur p:')!:env d:c: oui-inkrrt true p^iirn: Ih^ 
r-vv. of n-di-i e:- : r :ar ion>h :t> er^pre^sro !-.v the 
Nhd.M;^t:..:enu:entorre:an'dne.s ;M n i-eo : I'Ms^h.H 
wa^ en<.:ln-^:.^^rd iv/ pars tl^.e p^i.eau^ ar^l mn.r 
Ui-lnv Ntnked .:d>.ed ;rl.nne> 'd' the n:u. o.i:v U^ v.-;.-^ 
fi-,,ni A -..(ddrient -nrS'^H) in)nr.\> 

,naie< i lel in- >-..:;i|> br-wce-i mb.ed .A .:nd A uhrn; 
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,t , I:'.] 1 of. .tl i 
.\ :( ilU'A' tiic \r:\ 



■I' 



a": CT ■ 



:licv ..li .Ll^•:c);l^ the p;;:f^i-ib 



A. A \ 

inb-^dv A .uicl 

p = 0 ! r.:i-;.:s i^.r: pi '.■-■i 

lour:- i-.uik,;i;- canC.aiLtc lui'Mt-l lincs LA^ o: t^^r a:^:> 

h^b:■;c^^ with boih p;;.ir.Mr-, tnnkcd in the h)sL qco p-isi- 
uo:is (frcir; t5S to 96'^^^) the pc^rcenuigc of parrraal 
mbrecU ihar '.VLir ranked and iceond (from V^-l to 
^S'l). Tuo hvhrid> :3yi4 :u\d XOyi^A} did not havr 
ho:h p.ireati nuiked hi - Ar.d ^c jond \vhcn iJie 
r:thm u-i^ run lU P - 0 00. For both of tnrsr hvbrids 
d:ic uo!^.parL-iiul mbird ihji outi-inkod t-c O'ue putnu 

tb.ic h.id I.K-r:£i cfi'dU'd b\ Li:i j(.'di:ion.:il ibu)- h-'cki: 
of Liu\t p.uciu. the M.ilO.of ur.efncicui of rcUiu^.iitship 
bt:r-\ccn '.he p^ur-iu of ihr lubiid and \hc iabrf fl th.iL 
outr.u.kcd di.a parent to:' ih<^>c r.vo hvbnds w;is |■).96:5^). 

Robn^:n!'s^ was c-tcid bv c^Mlr.ii.ic; dio rA:oci5 of u> 
in^ dam frorn diffcrr-iw nnmbcr^ of loci a:iJ by slmuiat- 
iii^ add::io:hv: Icvtl: of n^i^Mtig and inisscorrd da-.a up 
to o>mbin^fl levcU o: ^2-j'-T. cn o: beyond tJr.ir uhtch wa^ 
provided bv the labo. iLon. Frorn our experience, -ri or 
rafe?s of 5 co can occur ul SSf^ profiling or rn.-Lze 
due chicdy to the combined ..'ilen^ of rcsiOvLiil hetcrorv- 
^Osir> umon;^ seed lo'^ :ind bv derudencies in die sc-vin;^ 
of heteiOPTN^ote^ in hi-brid.^ Th:^ addiuonai Icvt^ls oi 
:^imLiUiied error, rhercfortr, iru:liide vaUirs (up to -'35' o 
LOUl cnor ; chat are -veil ouL^ide of our expenenre. For 
Rve hvbiids ihat^vevt^ exanuned. increasin:; die [Uimbcr 
of loci from ?0 co 100 {^^ah no addirional mi^^m;-; or 
mi^-eore^d daia! did ;rdticc the luimbc: of Instancrs 
wlitrrt; inbiodri that ^ere not parraii of a hybrid oui- 
ranked die :rue parrnr. from tenir ro one. Nonetheit^vs. 
a\] of thf^^e more hitrhh ranked iMbred^. cilrhougii thev 
u-erc; not themieSvtr'^ tne true parent:; of die re>p':;eLivc 
hvbrid. were eiU^t^r direct proi-cav or full sisters of tlie 
true pHient (Table '2 k Consequendv, if such degrees oi 
error can be tolerated in respect of pedigrt>ei for inhrcds 
that are identified parrnis of livbnds. then daia 
from 50 loci e^nu:v-a:rn( discriinirtitiiin aluirv arc 
sufhcient. L'ie of data froiti ?0 Icci also evidenced lO- 
buiUicr^s m dU' face of up to lf.'' r arlditinnal It^eis or 
eithr: inis:sin^ -r nns^cnred data: no c[e^: j.t.\:n\in\ >ii ihe 
abihr/ :o i("t-ni:Va paient -Aa- api:ar-nt nn lo the U-naI 
10^;. AdJumnal erin: r^ccpt Uy acldi:iPtial ini^MU- 

and :ni^M urr:d alIrA- f:^- ont- bvb.-<l rjfii^n. I .ib!^- 1 
i-bu^LAvr. of ii>ei ni(.ifa>rd ibr :u-o\:r.i \ 
Uiit: pau':iL> th.,a wrn; ,.o:r.,'t (b' ideui::u d noia ^'^A^ 
311 locr> 1.:^ -nuMn c..!-ec: pareniv all 



p 

<.iiMr H' 

p ' A :d!- 1 



r[,.-d ^. ' an-: ...... 

. u:-: ; 'i ^'b'aa ti '.nn 'A' 

if '.'(J A i a I : ■ 'I m. 



: L 



, vt : w.-is un.' i^a: :o 

cl ra 1*1 ain- 3; Ai 'be level ..f a :ldif-M^:ii poor data 



L'a 

III iLi^r- .\ . ti 



bt^clstbar a vre nol [efue'i i^lKl true parci^: 



,A t[;c h'i^r-id oLi:ja:ik-.-! t!:e tiUf n^ 
nsenv' MiON [.e^el:■■ '.-t missing- i.k :ni. 
siiererore, b^r kep: h.-lr.w l^-2r'A: ■ 



n:(c;rfji:r^^f die 
orr:d data dioiact, 
^iiinip.g a ^c^el o^ 

A-LO'^c c 1 <>■' m the d.^'^ .in2i'-;;ed pru.ir to snneht.iig: 
ackittK ii la! a rr- ir'. . 

Wc bat-c pre^-i-i.sf« eviamiren ibr pedii^'er.s o: s. 
brcd^ r.hat are ranked into the tv'j\ l^o positions when 
die rnie paients are removed from die liH of candidate 
inbred liries. UsualA. direei. piocenv or full siirers ol 
rhe u-ue parenb then rank most higiiiv (data not pre- 
sented A WA thevefr're exa-nined the rankint;;^ of inbred>' 
\Mth rc^0^ct tL'diru ranking aiid prob.Lbilitv of mrhision 
i:i ancfSL:. of L-aA> iv/^i id af l■eI^a•^ \! n...: 

oidv of the true parenr>, but aA... o: tnc prngcan of Vs:. 
true parenu and any bill s.:;ter. of fhe true parents, hi 
dirsc circurn>ran.:es \\\^ gra:.dparenLS of die hybrids ;Lre 
lAi^ked predomiruH:d\ into Lop positiotis U<;;ng /' " 
O.nO, a '^lai^do.n ^'na lanked iri-o fir:t [^■^sitlon tor 
hvbrids and uiLO >econd podrion for 57% hybrids: v-in 
p = O.y*-) a giMndr^iirent raukrd into fn>i place n- 
of hvbTids. At P - 0.50 tw^i grandp<irenL; rankf^d into 
firbl and se..ot)d positions for 43''A hvbrids and mio the 
first dirce pooiiion> for an additioti.il ^'-o hvbrids Most 
of the remaining inbreds diat rankerl into die top t\vo 
po^irloni were progei:v of the irruridparenl. A total ol 
lOS grandpaients ranked into die top hve puiiuons 
p = 0.5f^: 93 t-anked into the^e positjorvs whcil ^ = 
I) 99 5^-, ,-[Uv-^:)ne z^rand parent:) rnnked into die top r.vo 
positions when P = (f aO; a" •^^ruMlparenl^ ranked lOto 
these posiritK-L. when H - 0.99. The me:in pmbabiiir^- 
of a gTandpareivt ii^ the top nvo po:ji[ions waj 0.9-'t^8 
(SD 0d454l whrn F = M -^0 :ind f^ Old^j 

.^^y^^^.,, p ^ Q vaj, Our algoiirhm wai written to idemdv 
p^virs of ancestors: alternative alL'oiHhms could be tai- 
iL>rrd to idcn*.'f\- all grnndpareiit^ r.iire parents had bt-en 
identified and removed from the- list of candidjic- in- 
breds. 

We havr demon.nnircd the capabdiiv and robustness 
(.>f an algoruhni that can be used to show pTobaHil]:\ ot 



parentage in c]reuln.^^ances • 



the lyrir^n peclu' 



idenuiv of nttthe- p u ent ii known Exelusions at r ca>c:> 
mtn account, dierrbv alAjwii:g p ireniaij;e to b.- sh<..wn 
even when tne Lw^> parent a'>: n^^t rrpresenLed in mr 
dar:il^.vsc' of in(^lrt ulai pmhlc-s thai w c v\annnc ri. Hrt- 
<„r./vr;ous c-mdidate par-nr> e.n be aeci nntnnd,' :rd. 
■fhr ULunbe: ;^fU^e: :h;u :^ neLe-^ru:^ to pr. A ,dc a -rh.ihie 
b:i>is e.f de'r-nnnciz: pcrb-^^'e i. dependmt u|>"r' d^e 

)arcnLs jmi n<)fn>ar<.ni^ 



iL-'r^nnncvz: 
(.Ir-reL (d rt k;tLdiu.-^s .un aie, ] 
and apt Ml r:R- lb^^: iui:::aa -iln 



na^ ^t'r 
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K ' >1' p'uu" I Of .Jiur.i-i ! 



q L. I 

Ap;. 

he iiurrprejLcil iri rcrrns <L:.T;-c<.^ur^:j; al!c!(. - :it lndr''(- 
lkU r;<arkcr li>r.. ar.d ihJi: provicie .i suffif.lc-u po'-vcr 

of suiuiblc molcLuUi" proHU* data jil- Ali^adv ^-tvailablc 
■and arc (acrcabin^^ riipirily \Mih the advent sinudr 
ctuclcondf polynorphibm^. One f-jnlicr nppliui:lon nt 
our als<onthtn i.^ lo ai5i>»r. in the pruiection of mrellcctoal 
propcrr.' th.W i> obtuiued on pl.rH varicci(.-s or up(ja 
spct^iHc daii)-: or iiics oranim:.il-s fli. ough chr detcnnii-ja- 

don c )t pec.' ig: CLi. 



LITFFLATl'Rr CITLD 

hcitlc^l i;ov.;ji: :.I [\U.lo:f'n.:, ::(n: . L.jin^; nn<- rOiaicUi tr DN'Am.>r\- 
cr> J Hc. cH, 90- I I -iti i 
Rf.iN. G , B. DKiLLtT. VI. i<;iii. iiMAN\. P. \l S.-.vn;; an.K j-kI KiK'. !r- 

univ.uicnuO sii^.^'rA 16. T.:i. j. Lc- Mfrl III; liL'V-r^O 

hf;iri!)t'. and (\irc"v,D t.;i.^rs .'^.i Stjt i- 6* IT.^-'^'.'.-j 

BlkUV. D. a.. n^'-»t-. SVi/Zi/irv -l B^:\t'3:r,r. F^.i-rcu-jc. D^ixiHir-^- rr^-*.-, 
imoni. CA. 

DkOkOot, S. H. ftKSRKRt- an<l j K. 'rCvr^NK. V-Jt-y P;ihl.isiii-i,/. 
Rri<:K[.i.. 15 P Nuk vi^vnr j.iuj M Kuaw :/.>.k, Likc'.ibixwls ot 

Gc[tci. SI; 55 !-■'•>♦' ■ 

^►!AKR.\-!n;(! V, R ,T. k. MlL\CMf,-< Hid P Z Sy. 1 W."! P-u-m ii;c 

nn.ihsii v'itl' HCiTii.: rr;irkr!-N in n.UUr.il pupr, ,i>it>;i>. \. Thr r:i- 

CMAKK-AUOft-n , R . L. J;n- iiiid v. Ziiont., l'JU-{ Pm^Miuv ^rv^il.i.it.on 
in cj^f*^ ):ick;nL' i irii;:>.cr urn t no irtL'tccuvlilf ;il)clrs I'li. j. Lcj, 

Dkv un. B Rui- nrR J^nd N C F.i .i.vtk.\,^i' ' o:\L<;r- 

niLv .i.^Kti^nrr^iii :!Tcor^iH. li i.iAclopnicni .ind :-nri:;)it:-iso!i lu 
oth'.M- rviethocis Tln-MV Apu?! Tn iu:l. 76: i*i*r'-SMi. 

Ei.m.K. !■ K., .-ind 1:. M- Sou m'-H's I'J^fT (.:orrpi"AM--.iidr(*i_ -ir-.-.^^i- 

rdik:d bv \t- I BlMl^a- and* [. hL^^> I fNr>. IKL (.Hl:''d. 
..iUl v:/.;-,.. An^ 12.J: MV-^U- 



■,.,.1- ^ ■ .- 

II-.: ' 

kt M. - I ■ - k:. 

, I, . .. 



S7 n--., 
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